INTRODUCTION
In a mechanical flotation cell, the formation of three hydrodynamic zones including the turbulent, the quiescent and the froth zone is essential for effective flotation. The turbulent zone affects solids suspension, gas dispersion and bubble-particle interactions. Quiescent zone helps reducing the probability of recovery of gangue minerals, which may have been entrained mechanically. Therefore, better understanding of the height of these zones is essential [1, 2] . The three hydrodynamic zones in a mechanical cell are depicted in Figure 1 . [2] The effect of tank geometry (number of baffles, impeller diameter, and off-bottom clearance) on the maximum turbulence energy dissipation rate for impellers are studied [3] . Tabosa et al. investigated the effect of impeller speed and its size, cell aspect ratio and superficial gas velocity on the height of the turbulent and the quiescent zones [4] . In research work described in this paper, the effect of cell cross-section on both turbulent and quiescent zones is investigated that it has not been considered. 
Figure1. Hydrodynamic zones in a mechanical flotation cell

METHODS AND MATERIALS
In this study, an LDTO-028 piezoelectric sensor was applied to measure the turbulence in the flotation cell as suggested by Meng and et.al [5] . As depicted in Figure 2 , the piezoelectric sensor was connected to a rod and it was located in the cell using a mesh surface in order to prevent the sensor vibration and to measure the turbulence at various depths. A filtering integrated circuit, was used as proposed by the sensor manufacturer. Signals were transferred to computer via a 4704 Advantech card. Finally, the analysis of received signals was done by Matlab Signal Processing toolbox. After the signal filtration, the effective voltage, Vrms, was presented as an index for turbulence. Then, the graph of voltage variations against the relative height of the cell was plotted and the border between zones was identified based on the method applied by Tabosa et al [4] .
Figure2. Measurement setup of piezoelectric sensor
In order to investigate the effect of cell cross-section, a cylindrical cell and two rectangular cells were used. The relative height (h/H) in rectangular cells A and B was 0.3 and 0.4 respectively. The volume of all cells was 9 liter. Experiments were done in the absence of any collector and frother and only in the presence of water. The impeller speed varied in order to change the turbulence. Figure 3 shows a schematic of the cells and the points of sampling.
Figure3. Cells and sampling points
RESULTS AND DISCUSSION
The effect of impeller speed on the height of turbulent and quiescent zones in the cylindrical cell is shown in Figure 4 . An increase in the impeller speed caused a big impact on the height of the turbulent zone [4] . According to the results, the height of the turbulent and the quiescent zones are completely dependent on the impeller speed.
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Figure4. Comparison of vibration signal profiles for different impeller speeds in cylindrical cell
The results for rectangular cells A and B are shown in Figure 5 and 6 respectively. In cell A, at all impeller speeds, the maximum turbulence was observed in relative height of 0.1, then the turbulence decreased and finally in relative height of 0.3 reached a constant value. Relative height of 0.3 for this cell was the place where the cross section of the cell changes. In cell B, a similar trend was observed and the turbulence reached to a constant value in relative height of 0.4, where the cross section of cell B changes. Therefore, for both cells, it was observed that the border between the quiescent and turbulent zones is independent of the impeller speed and fully depends on the cross-section of the cell. A change on the cross section of the rectangular cell, dictates the border between the zones. 
CONCLUSIONS
The portion of turbulent and quiescent zones in a mechanical flotation cell plays an important role on the recovery of targeted and gangue minerals by true flotation and entrainment, as turbulence affects the collision, attachment and detachment, while quiescent zone inhibits the entrainment. Therefore, an optimized portion of these zones could ameliorate the flotation process. Although the effects of some variables such as impeller speed and size, cell aspect ratio and superficial gas velocity on the height of turbulent and quiescent zones have been studied before, the main variable of cell cross-section, which seems to control the zones' border, was ignored in the previous studies. In this study, three different geometries were considered and the turbulence was measured using a piezo electric sensor. Results showed that in the cell with constant cross section, the height of the turbulent zone has strong dependence on the impeller speed while in cells with variable cross sections, the height of the turbulent zone is independent of impeller speed and it is related to the point that the cross section changes. Therefore, this point is the boundary of turbulent and quiescent zones. Since selection of an optimized portion of turbulent and quiescent zones is a critical factor in the performance of mechanical flotation cells, attention to geometry (cross-section) of cells is essential.
